The present work demonstrates preparation of magnetic nanoparticles by a novel method. Magnetic nanoparticles with potential for biomedical and environmental applications were obtained by homogeneous coprecipitation method sonochemically assisted. The effect of ultrasonic cavitation on changing the reaction environment was studied. The chemical reaction media used here was very similar to those used for Sono-Fenton process. The ultrasonic energy has driven the growth of particles; smaller diameter nanoparticles were obtained by applying a higher power. For the first time, it was demonstrated the iron oxide nanoparticles synthesis at pH lower than 6.
Introduction
Nowadays nanotechnology is very important for the advancement of science, since it makes use of the manipulation of matter on a scale in which materials show different characteristics than those displayed in the micro and macro scale 1 . These properties changes are attributed to the large increase in surface area in relation to the volume 2 . In this context, magnetic nanomaterials, such as iron oxide, particularly magnetite (Fe 3 O 4 ) have been applied in various fields such as drug carriers and contrast agents in magnetic resonance imaging 3 . For this application, certain parameters must be controlled during the synthesis, such as the size and shape of the nanoparticles 4 . The control of the size, as well as size distribution, is necessary because allows the control of the material's properties, such as superparamagnetism and hyperthermia 5 . Depending on its size, iron oxides particles present different behaviors when an external magnetic field is applied. It is known that abrupt changes in magnetic properties occur when the particle size is reduced of micrometer scale to nanometer. In nanoscale phenomena of finite size and surface effects start to dominate the magnetic behavior of individual nanoparticles 6 . Frenkel & Dorfman 3 were the first to suggest that particles of ferromagnetic material below a critical particle size (less than 15 nm for common materials) would consist of magnetic monodomains, presenting a uniform magnetization state at any field.
The magnetic behavior of these particles above a certain temperature, the blocking temperature (T B ), is the same of the paramagnetic particles, except that a large magnetic moment and, consequently, susceptibility are presents. For biomedical applications, nanoparticles that exhibit superparamagnetic behavior at body temperature (T B under the human's body temperature) are the most studied because of the absence of magnetic remanence and present a fast change in the magnetic state in the presence of an external magnetic field 7 . Concerning the particles shape, ellipsoid-shaped nanoparticles (elongated) are more cytotoxic than those with spherical shape. The production of several inflammatory cytokines by human monocytes can be induced when ellipsoid-like nanoparticles are present inside the body. Moreover, the spherical nanoparticles are also more appropriate for drug transport and delivery into specific targets than other forms, such as hexagonal and cubic 7, 8 . There are different methods for iron oxide nanoparticle syntheses described in the literature such as microemulsion; sol gel process and co-precipitation. Darbandi et al. 9 described a method to synthetize iron oxide nanoparticles from a water/oil microemulsion, at room temperature. In this synthesis, the surfactant stabilizes the system and form a layer around the final nanoparticles. Roth et al. 10 have studied the synthesis of nanoparticles by precipitation of iron salt precursors in alkaline medium, without using any surfactant agent as stabilizer. However, these methods do not allow a strict control of particle size. In this context, synthesis have been sonochemically assisted, since using ultrasound it is
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Sonochemically Assisted 11, 12 . Another wet chemical route is the homogenous coprecipitation by using urea decomposition, at 80°C, which results in a gradual rise in pH, keeping the alkaline medium and thus allowing co-precipitation at higher temperatures 13 . The aims of this works were to prepare magnetic iron oxide nanoparticles by homogeneous coprecipitation method sonochemically assisted and to evaluate the influence of ultrasound power during synthesis. The main scientific contribution of this work was to obtain iron oxide nanoparticles at pH around 6.
Material and Methods
The synthesis by homogeneous coprecipitation was performed by mixing a 0.01mol.L -1 ferrous chloride precursor solution with 2,0 mol.L -1 urea, using different ultrasound amplitudes in which sample. Three samples were made: C_50, with 50% of amplitude; C_60, with 60% of amplitude; and C_70, with 70% of amplitude.
During the synthesis, the reaction medium was heated and stirred at 80ºC, which correspond to the urea decomposition temperature. When temperature reached 80°C, the ultrasonic power was instantly turned on and the nucleation process has started, as observed by the changes in the color of the solution (Figure 1 ). After one hour, the ultrasound was turn off and the precipitated was washed several times with distilled water. All samples were dried in ovens and analyzed by X-ray Powder Diffraction (XRD) and Scanning Electron Microscopy (SEM) in order to evaluate its crystalline phases and morphology, respectively. Figure 2 present the graph of pH changes in functions of the temperature for samples C_70, C_60 and C_50. As it can be observed, as temperatures increase the pH decrease until a inflection point at 67°C, 72°C and 75°C, for samples C_70, C_60 and C_50, respectively; after that the pH sharply increased up to 6.2. When water is irradiated with ionizing radiation, the initial radical species generated are hydrated electrons, hydrogen atoms and hydroxyl radicals, and the initial molecular species formed are hydrogen and hydrogen peroxide 13 . The H 2 O 2 formed will cause the decrease in pH and its concentration will depends on the ultrasound power. As observed in figure 1 , the higher the amplitude, shorter the pH before curve inflection. It can also be observed that for short amplitude the pH start increasing near 80°C, where the urea decompositions take place. As it will be discussed latter, the short ultrasound amplitude allows the syntheses of pure magnetite. The pH curve presents an abrupt decrease from 80°C to 82°C, corresponding to the Magnetite precipitation. Figure 3 presents the X-ray powder diffraction for samples. As observed from de Bragg Peak Position of the standard PDF file, pure magnetite phase was formed when using ferrous chloride in the urea homogenous precipitation assisted with lower energy ultrasound, suggesting different reaction mechanisms with the counterions and free radicals in solution produced by the cavitation effect. Using XRD data and Scherrer's equation the crystallite sizes was calculated for samples obtained from ferrous chloride precipitation ( Table 1) .
Results and Discussions
The difference in the crystallite size may be occurring due to a possible growth of goethite at surface of oxidized magnetite or as isolated goethite particles, as it will be seen later in the scanning electron microscopy figures.
Fe 2+ + The chemical reaction media used here to synthesizes iron oxide magnetic nanoparticles, has propitiated an environment very similar to those used for Sono-Fenton process 14 . Fenton process, consist of a mixture of ferrous ion and hydrogen peroxide generating hydroxyl radicals (OH•) at room temperature as described by Walling et al. 15 . When Fenton reagents, Fe 2+ /H 2 O 2 , are coupled with ultrasound, active hydroxyl radicals will be generated 16 followings the sonochemistry reactions described below, which will to produce the intermediate complex (Fe-O In Fenton process, the rate of reaction between H 2 O 2 and Fe 2+ increases with an increase in temperature leading to formation of more number of hydroxyl radicals, which in turn results in enhanced degradation efficiency 17 . However, for higher amplitude ultrasound at pH > 4, the formation of Fe (II) complexes reduces the generation of free radicals and also regeneration of ferrous ion will gets inhibited by the precipitation of ferric oxyhydroxides 18 . Since iron ions can oxidize in the presence of oxygen, it may have formed goethite around the magnetite (creating a nucleus of magnetite involved in a goethite layer), which helps the generation of larger nanoparticles than it was expected. It can be considered that the reaction medium became more oxidant in the presence of the species produced in sonolysis, causing the formation of goethite. Figure 4 presents the SEM morphology images analysis of the samples C_50 (a, d); C_60 (b, e) and C_70 (c, f). As it can be observed, sample C_50 (Figure 4d ) present rounded-like shaped particles with lower aggregation than those particles obtained using higher ultrasound amplitude (Figure 4e , f). Samples obtained using higher amplitudes, as observed in XRD, present goethite and magnetite phases. The elongated particles observed in samples C_60 and C_70 are characteristic of goethite. 
Conclusions
Iron oxide nanoparticles were obtained by sonochemically assisted homogeneous coprecipitation. Samples obtained from iron chloride(II) solutions showed a magnetite phase with crystallite size inversely proportional to the percentage of amplitude applied. The higher the energy dissipated in the reaction medium higher is the number of nuclei formed, leading to formation of precipitates with a smaller particle size. This behavior suggests that the ultrasonic energy accelerates the reactions. It is expected that this acceleration can interrupt the growth of particles, thus creating smaller diameter nanoparticles by applying a higher power. Sono-Fenton process can be addressed to explain the pH variation during the reaction, creating a chemical environment for nanoparticle synthesis. Nevertheless, the sharply rise in pH due to homogenous coprecipitation through urea decomposition at ~80°C, allow its magnetite synthesis at pH ~6,2. Usually, magnetic iron oxides are formed at pH higher than 9.
